According to SHAPIRO, VINUELA, and MAIZEL 1 , the relative electrophoretic mobility of polypeptides in a sodium dodecylsulfate Polyacrylamide gel is inversely proportional to the logarithm of the molecular weight. The validity of this relationship has heen confirmed by WEBER and OSBORN 2 , and by DUNKER and RUECKERT 3 for a large number of proteins. SMITH and SMITH and PICKELS have reported almost 30 years ago, that the lamellar system of chloroplasts can be dissolved in water in the presence of dodecylsulfate 4 . As this dissolved lamellar system can be separated by gel electrophoresis into a number of different compounds 5 , it appears possible to determine the molecular weight of the polypeptides which build up the thylakoid membrane, using this method.
Materials and Methods
Stroma-freed chloroplasts were prepared from leaves of Antirrhinum ma jus strain 50, as described pre- way. If a and b are calculated following the least squares criterion, a was found to be -0.82475 and b 5.06961. In every experiment 4 gels with reference proteins and 4 gels with chloroplast preparations were run electrophoretically at the same time.
Results
The electropherograms of the chloroplast preparations show only one coloured band, which lies in front of the polypeptide band with the lowest molecular weight (11 000), but which sometimes may cover this band. This result does not agree with the finding of SlRONVAL et al. 5 , who obtained several coloured bands, in some of which proteins could be detected. In contrast to this, a separation of chloroplast pigments and probably of the colorless lipids from the polypeptides is obtained with this method. This separation of lipids from the protein is the prerequisite for the determination of exact molecular weights.
With Coomassie Blue, 14 bands are visible (Fig. 1) . Two of these are rather intense and correspond to polypeptides with molecular weights 66 000 and 24 000 respectively. The latter band is rather broad and may show a tendency towards splitting into two bands. The band with a molecular weight of 66 000 is followed by two very narrow but intensely coloured bands, to which molecular weights of 61 000 and 59 000 can be attributed. These are followed by an equally narrow but very weak band of polypeptides with a molecular weight of 55 500. Polypeptides with molecular weights of 48 000 and 33 000, which show medium strength bands, are found still in relatively high amounts. Polypeptides with molecular weights of 75 000, 41500, 39 000 and 30 000 are present in low or very low concentration and can only be detected if a sufficient amount of the chloroplast preparation is used. In particular we wish to draw attention to two fast running broad, but weak bands, which correspond to polypeptides with molecular weights of approximately 18 000 and 11 000. The band with molecular weight 18 000 sometimes splits into two bands.
From these experiments it can be concluded that at least 16 polypeptides with different molecular weights are contributing to the composition of the thylakoid membrane. From these, two or three polypeptides are present in high concentrations, 4 are in medium and the remainder in low concentrations. It must be borne in mind that a not insignificant part of the polypeptides penetrates very little into the gel or not at all. Whether these are polypeptides with very high molecular weight or aggregated peptide chains requires further investigation. Furthermore it must be determined whether peptides with a molecular weight of less than 10 000 occur. The results presented herein contradict findings that the membrane proteins contain only one major component 7 . It confirms, however, the earlier suggestion, based on terminal amino acid determination that the lamellar structural protein contains a number of polypeptides : 10 -13 amino-and carboxyl-terminal amino acids having been detected 8 . Using different systems of gel electrophoresis, a separation into several components has been observed by other authors 5 ' 9 .
In conclusion the accuracy of the molecular weight values as determined by our method should be discussed. According to the literature, the molecular weights of proteins determined by gel electrophoresis in general deviate by less than 10% from those values determined by other methods. In our experiments differences of more than 10% were seldom observed. However, the reproducibility of our measurements was better by one order of magnitude. The measurements on 20 to 30 gels yielded a mean error of the average value of almost always less than 1 per cent. An uncertainty of the molecular weights presented in this paper, may be due to the fact that the polypeptides are associated with roughly equal amounts of lipids in the membrane. As long as we do not know whether these lipids are quantitatively separated from the polypeptides, the presented values must be considered to be apparent molecular weights.
